Abstract Cervical spondylotic amyotrophy is characterized with weakness and wasting of upper limb muscles without sensory or lower limb involvement. Two different mechanisms have been proposed in the pathophysiology of cervical spondylotic amyotrophy. One is selective damage to the ventral root or the anterior horn, and the other is vascular insufficiency to the anterior horn cell. Cervical spondylotic amyotrophy is classified according to the most predominantly affected muscle groups as either proximaltype (scapular, deltoid, and biceps) or distal-type (triceps, forearm, and hand). Although cervical spondylotic amyotrophy always follows a self-limited course, it remains a great challenge for spine surgeons. Treatment of cervical spondylotic amyotrophy includes conservative and operative management. The methods of operative management for cervical spondylotic amyotrophy are still controversial. Anterior decompression and fusion or laminoplasty with or without foraminotomy is undertaken. Surgical outcomes of distal-type patients are inferior to those of proximal-type patients.
Introduction
Cervical spondylosis often manifests with spastic tetraparesis with varying degrees of sensory dysfunction [6, 10, 11, 14, 26, 45] . Crandall et al. [10] indicated that somewhat less than 7% of patients with cervical spondylotic myelopathy present with minimal sensation loss, and classified this subtype of the disorder as cervical spondylotic amyotrophy. Cervical spondylotic amyotrophy is the clinical syndrome in cervical spondylosis characterized by severe muscular atrophy in the upper extremities, with no or insignificant sensory deficit and lower extremity symptoms [51] . In 1952, Brain et al. [7] first reported cases of cervical spondylosis with muscle atrophy of the upper extremities without sensory disturbance or pyramidal signs. The dissociated motor loss syndrome in cervical spondylosis was reported by Keegan [25] , and the etiology of this syndrome was thought to be selective damage by bony spurs of the motor roots. In 1975, Sobue et al. [39] concluded that such condition was caused by segmental myelopathy and advocated nominating this condition as cervical spondylotic amyotrophy.
Clinical presentation
Cervical spondylotic amyotrophy is always associated with weakness and wasting of upper limb muscles without sensory or lower limb involvement. Difficulty in shoulder abduction, positive arm-drop sign, or positive wrist-drop sign is always found in patients with cervical spondylotic amyotrophy [30, 46] . Recently, Ahdab et al. [2] reported that a 65-year-old man with cervical spondylotic amyotrophy was referred for a dropped head syndrome because posterior neck and shoulder girdle muscles were atrophic.
Cervical spondylotic amyotrophy is usually reported as unilateral disorder, and occasionally, it presents as bilateral [15] . The age at onset of neurological symptom ranged from thirties to sixties, with men more frequently affected than women.
Pathophysiology
Two different mechanisms have been proposed for the pathophysiology of cervical spondylotic amyotrophy. Whether the pathogenesis of this syndrome is selective damage to the ventral root or to anterior horn is still controversial. On the basis of findings in an autopsy performed in one patient associated with cervical spondylotic amyotrophy, Keegan [25] demonstrated that selective ventral motor root lesions are the cause in the pathogenesis of cervical spondylotic amyotrophy. The autoptic finding that Luschka joints significantly contribute to this anterior root impingement supports this mechanism [33] .
Alternatively, the mechanism of vascular insufficiency to the anterior horn cell at the paramedian compression has been proposed. Yanagi et al. [51] have attributed cervical spondylotic amyotrophy to a circulatory insufficiency in the territories of anterior spinal arteries, as well as to selective damage to the anterior horn. The anterior horn, located in the terminal territory of the sulcal arteries, is known to be the most vulnerable to the effects of circulatory insufficiency [16] . Selective damage to the anterior horn has been observed in patients with spinal cord ischemia after aortic disease [18] , and such damage to the anterior horn in patients with cervical spondylosis could be caused by circulatory insufficiency. Dynamics of the spinal cord associated with movement of the cervical spine may affect the intramedullary circulation by compressing or stretching the intra-and extramedullary vessels.
Fujiwara et al. [14] demonstrated that impingement against either the anterior horn or ventral nerve roots may cause cervical spondylotic amyotrophy. In their study of 32 patients, a higher number of cases had impingement against the anterior horn than the ventral nerve root, and 53% cases had impingement against both the anterior horn than the ventral nerve root. According to electrophysiologic findings, Shinomiya et al. [38] also proposed that the impingement against both the ventral nerve root and the anterior horn might cause cervical spondylotic amyotrophy.
Radiographic examination
Delayed CT myelography after intrathecal injection of metrizamide reveals enhancement in the area corresponding to the anterior horn, which represents cavitation or cystic necrosis [13] . It is logical to speculate that cavity formation or cyst necrosis in the anterior horn, probably secondary to infarction, leads to atrophy of the muscles. Now, magnetic resonance imaging (MRI) is widely used to detect the lesion in the cervical cord. In all cases that Kameyama et al. [22] reported, magnetic resonance images showed linear high-signal intensity lesions within the compressed spinal cord, extending to more than one segment on sagittal images and small symmetric intramedullary high-signal intensity areas, the so-called snake-eye appearance on axial images [4, 34, 47] . These lesions are not thought to represent potentially reversible edema but irreversible cystic lesion [34, 47] , which have often been observed extending from the central gray matter to the anterior horns in autoptic findings of cervical compression myelopathy [12, 23, 29] .
Neuroradiologically, proximal-type patients have cord atrophy at C4/5 intervertebral level, and distal-type patients have cord atrophy at C5/6 and C6/7. The responsible lesion for cervical spondylotic amyotrophy is in the anterior horn at C5-C6 cord level for the proximal-type, and at C7-Th1 for the distal-type.
Electrophysiologic examination
Denervation potentials and decreased motor unit potentials were noted in the atrophic muscles on standard needle electromyography, but no abnormal findings was observed in the thoracic paraspinal muscles and lower limb muscles [24] . Electromyographic changes in patients with anterior radix or nerve root injury are characterized by fibrillation and positive sharp waves, whereas fasciculation and synchronization are often significant electromyographic findings in motor neuron injury of the anterior horn. However, fasciculation and synchronization are evident in patients with cervical spondylotic amyotrophy [46] . Thus, the anterior horn and motor axons could be damaged in cervical spondylotic amyotrophy.In addition, evoked spinal cord potentials (ESCPs) and cervical motion evoked potentials (MEPs) are useful for diagnosing cervical spondylotic amyotrophy.
In addition, ESCPs and MEPs are useful for diagnosing cervical spondylotic amyotrophy.
Intraoperative evoked muscle amplitude potentials (EMAPs), by stimulating the anterior dura mater and nerve roots through the anterior decompression site, can indicate the specifically responsible lesions easily because direct stimulation can be applied to pathogenetic sites and the EMAPs amplitude is high enough to evaluate these potentials correctly. Compared with the asymptomatic side, silent or delayed EMAPs on the symptomatic side were the proof of nerve root conduction block or disturbed activity of the anterior horn cells [38] . Kaneko et al. [24] demonstrated that attenuation of N13 potentials with preserved N11 potentials at multiple intervertebral levels were observed in patients with the distal-type cervical spondylotic amyotrophy.
Natural history
Cervical spondylotic amyotrophy is characterized by severe motor weakness and wasting in uni-or bilateral upper extremities that do not progress beyond a few myotomes. Sensory loss and pyramidal signs are typically absent or insignificant. Cervical spondylotic amyotrophy follows a self-limited course. After an initial progressive course, the symptoms usually stabilize for years.
Classification
Cervical spondylotic amyotrophy is classified as either proximal (scapular, deltoid, and biceps) or distal (triceps, forearm, and hand) according to the most predominantly affected muscle groups [44] . The proximal-type patients have muscular atrophy in the C5 and C6 myotomes [3, 19, 22, 25, 30, 38] , whereas patients with the distal-type amyotrophy have muscular atrophy in C7, C8, and Th1, with muscular atrophy distributed to the forearm and intrinsic muscles. In one study of 16 proximal-type patients and 15 distal-type patients, the distal-type patients often presented cold paresis and/or postural finger tremor, and none of distal-type patients had extension of atrophy to the proximal muscles during a long course of their illness. However, two proximal-type patients had muscular atrophy extended to the distal end, and most proximal-type patients had neurogenic changes on electromyograph extended to the distal muscles.
There are some differences between these two types. Fujiwara et al. [14] demonstrated that distal-type cervical spondylotic amyotrophy was considered to be caused basically by the impingement against the anterior horn and not by impingement against only the ventral nerve root. And this type is characterized by a fewer number of cases, a longer preoperative period, greater number of stenotic canal levels, and more cases with a T 2 high intensity zone on MR images.
Diagnosis
Cervical spondylotic amyotrophy is characterized by severe motor weakness and wasting in uni-or bilateral upper extremities that do not progress beyond a few myotomes. Sensory loss and pyramidal signs are typically absent or insignificant. After an initial progressive course, the symptoms usually stabilize for years. The occurrence of cervical spondylotic amyotrophy is not correlated strictly to the severity of spondylotic changes [22, 31, 37, 38] . Cervical spine MRI may reveal abnormal T 2 hyperintense change in the cervical cord [23] , but such change is not constant [37] . When cervical cord MRI change is absent, the diagnosis of cervical spondylotic amyotrophy is based primarily on clinical presentation, disease course, electrophysiological findings, and the exclusion of other disorders that might account for the symptoms of patients.
Amyotrophic lateral sclerosis can closely resemble cervical spondylotic amyotrophy. Furthermore, some patients present with both cervical spondylosis and amyotrophic lateral sclerosis, thereby adding a diagnostic dilemma because both diseases preferentially affect middle-aged and elderly individuals [49] . It may be difficult to distinguish the clinical manifestations during the early stages of the diseases. Evidence of upper motor neuron degeneration and progressive spread of symptoms and signs are required for the diagnosis of amyotrophic lateral sclerosis. The presence of subtle but definite sensory signs or symptoms usually reveals the diagnosis, and bulbar muscle involvement obviously points to the diagnosis of amyotrophic lateral sclerosis. Electromyographic recordings of the affected atrophic muscles and muscles innervated by the upper cervical cord, such as the sternocleidomastoid, thoracic paravertebral, and lower limb muscles, should be conducted. Electromyographic changes are found only in the affected atrophic muscles in cervical spondylotic amyotrophy patients but are diffused in patients with amyotrophic lateral sclerosis, because cervical spondylotic amyotrophy does not evolve beyond a few myotomes.
Cervical spondylotic amyotrophy also should be distinguished from Hirayama's disease (Table 1) . Tashiro et al. [43] described the clinical requirements for the diagnosis of Hirayama's disease. One of the diagnostic criteria is distal dominant muscle weakness and atrophy in the forearm and hand, which means the peak in the flexion position is generally at the C6 level. Maximal tension is distributed from the C7 to Th1 vertebral level, as it takes the shortest route through the posterior convex spinal canal, and muscle weakness is distributed from the C7 to Th1 myelomere. In Hirayama's disease, spinal MRI in cervical flexion shows forward displacement of the dural sac and compressive flattening of the lower cervical cord with widely opened epidural spaces, suggestive of the venous plexus with a flow void.
Treatment
Conservative therapy seems to arrest disease progression in some patients with proximal cervical spondylotic amyotrophy, but has not been documented to be effective in patients with distal cervical spondylotic amyotrophy. Shibuya et al. [37] added the administration of PGE 1 to the treatment of the patients with cervical spondylotic amyotrophy, and improvement of muscle strength after starting injections of Eur Spine J (2011) 20:351-357 353 PGE 1 was observed in these patients. Although the improvement was measured by an electrophysiologic method, the mechanisms of PGE 1 are still unknown. Two effects of PGE 1 against the hypoxic injury of neural cells have been reported. One effect is the prevention of apoptotic cell death [1, 27, 28, 32, 35, 50] . Prostaglandin E 1 mediates the activation of adenyl cyclase and increases the level of endogenous cyclic adenosine monophosphate [28, 35] , and PGE 1 -induced elevation of c-Fos and c-Myc mRNA levels reflects mitogenic activity [50] . Such effects may prevent apoptotic cell death during ischemic change [1, 27, 28, 32, 35, 50] . The other effect is the increase of blood flow to the central nervous system under ischemic injury. PGE 1 reduces the resistance of vessels by its dilating and antiplatelet effects [9, 17, 41] . It was demonstrated that PGE 1 increases the cerebral blood flow in patients with cerebral infarction [27, 32] . Another option is surgical management. Summary of literature on operative treatment and outcome is listed in Table 2 . There was a close association between disease history and recovery of muscle power in patients with cervical spondylotic amyotrophy. With regard to human neuroanatomy and neural innervation of the paralyzed muscles, decompression of the spinal cord and/or the nerve roots should be undertaken. Uchida et al. [46] suggest that surgical treatment of cervical spondylotic amyotrophy requires urgent action. However, Ebara et al. [12] suggested that patients with distal cervical spondylotic amyotrophy undergo cervical traction at first and that they should only undergo surgery if there was a certain measure of improvement in grip power, finger pinch, or finger function. Also, the methods of operative treatment for cervical spondylotic amyotrophy are still controversial. Anterior decompression and fusion [38] or laminoplasty with or without foraminotomy [30] has been reported. Some authors believe [8, 20, 21, 36] that anterior decompression with or without medial foraminotomy is important for eliminating the anterior and/or anterolateral lesion, whereas some [5, 14] advocate posterior laminoplasty with keyhole foraminotomy. In a study of seven patients with distal-type cervical spondylotic amyotrophy treated with central corpectomy, Srinivasa Rao et al. [40] reported that six patients had improved by a mean patient-perceived outcome score of 66.7% at a mean follow-up of 46.5 months. Similarly, in another study of 32 patients treated with laminoplasty with/without foraminotomy, Fujiwara et al. [14] reported excellent or good results in 78% of these patients. Foraminotomy without laminoplasty was considered a promising treatment means for patients with solitary impingement against the ventral nerve root. However, if patients with cervical spondylotic amyotrophy have spinal canal stenosis, decompression with laminoplasty is indicated. To date, there appears no significant difference in postoperative neurological improvement between the two alternative procedures. The anterior approach is believed to provide an optimal chance of neurological recovery through the complete elimination of the cord-compressing lesion, but can be rather technically demanding when the lesion is at the foraminal entrance and at two or three vertebral levels. On the other hand, posterior decompression with keyhole foraminotomy is less technically demanding but has the disadvantage of leaving the anterior compressive lesion as is. The presence of a narrow spinal canal [5, 48] increases the likelihood of neurological symptom recurrence as well as adjacent-level instability after anterior fusion. In the absence of spinal canal narrowing, the anterior approach is indicated for a patient with lesions ventral to the cord at one or two intervertebral levels, whereas in the presence of a narrow spinal canal, posterior decompression is the choice for a lesion involving more than two intervertebral levels. Although the surgical procedure used for amyotrophy is still controversial, it does not exert a significant impact on clinical outcomes. Fujiwara et al. [14] found that muscle power improved in 92% of proximal-type patients, whereas was improved in only 38% of distal-type patients after surgery in their series. It seems that the response to surgery in patients with distal-type cervical spondylotic amyotrophy was inferior to that in patients with proximal-type. One possible reason for this phenomenon is that distal-type patients basically have impingement against the anterior horn, because the spinal cord, including the anterior horn, has less ability than ventral nerve roots to regenerate. The other reasons may be the longer distance from the spinal cord to muscles, a long preoperative period, a greater number of cervical spine misalignment, and a narrow spinal canal. However, even in proximal-type patients, a long preoperative period and medial compression of the spinal cord on MRI were factors correlated with poor muscle power improvement.
Erb point-stimulated compound muscle action potentials (CMAPs) are useful for predicting surgical outcomes of cervical spondylotic amyotrophy [42] . Fujiwara et al. [14] reported that the patients with fair results after surgery had less than 10% preoperative Erb point stimulated CMAPs, whereas all patients with over 10% amplitude recovered. Therefore, recovery can be expected in the latter patients. However, caution should be taken because some patients with less than 10% also recovered.
Conclusions
Cervical spondylotic amyotrophy is not common, and should be distinguished from Hirayama's disease and motor neuron disease. Although cervical spondylotic amyotrophy always follows a self-limited course, it still remains a great challenge for spine surgeons. Treatment includes conservative and operative management. The methods of operative management for cervical spondylotic amyotrophy are still controversial. Anterior decompression and fusion or laminoplasty with/without foraminotomy is undertaken. And, surgical outcome of the distal-type patients is inferior to that of the proximal-type patients. 
